'United States Patent o1

- Shinohara et al.

'METHOD FOR USING MACROAMINE

e 3,969,239
[45]1 July 13, 1976

WAVENUMBER {cm™1)

[54) _ _ -
POLYMERS AS FLOCCULATING AGENTS  Primary Examiner—Charles N. Hart
| Assistant Examiner—Peter A. Hruskoci
1751 Inventors Isao Shinohara; Juro Aoy agi, both ' Atromey, Agem or Fzrm—Fulbrlght & Jaworskl
| - of Tokyo, Japan | |
[73] Assignee: ?apl;nChenucal Co., Ltd Tokyo 157 _ ABS_TRACT:
o A method for using a macroamine polymer as a floc-
122]  Filed: July 9, 1975 culating agent, said polymer having a structural unit
[21] Appl No 594 341 | shown by the followmg formula:
. . Related U.S. Application Data | | o o
[60] Division of Ser. No. 479,631, June 17, 1974, Pat. No. ~tCH,— Hy=75tCH,—CHIT¢CH=CHy;~
3,933,717, which is a continuation-in-part of Ser. | | I | N -
~ Nos. 323 731 Jan. 18, 1973, abandoned, and Ser. ' Br-HN*—R
No 345 122 Mdl‘Ch 26 1973, abandoned 1
[52] U.S. Cl .............. ceeerenes 210/54 210/45 @ -
[51] Emt. CL2....iieeeen, BO1D 21/01 O
[58] Field of Search.............. 210/42, 45, 47, 51-54, o |
210/59; 260/29.6 MN, 29. 6 R, 89 7N, 928  wherein R represents an alkyl group contammg 1 to 4
| | A, 92*8 R carbon atoms, x 1s a mol demmal fraction between
o | - | about 0.65 and 0. 95, and y is a mol decimal fraction
[56] References Cited between about 0.23 and 0.04. Said polymer can be ob-
y
| "UNITED STATES PATENTS tained by reacting polyvinyl: bromide with an N-
2,315,734 4/1943  Ralston et al...................... 210/54 . monoalkylaniline having 1 to 4 carbon atoms in the
2,807,910 10/1957  ErickSON ..cccovrviecsiiomeeminreneninn. 210/54 alky] group. |
3,826,787 7/1974 Capozza..........cecesvennenennn. 210/54
3,875,111  4/1975 Tsudaetal. ................... .. 210/54 4 Clalms, 2 Dfﬂwmg F'gm'ES
. 5 | WAVELENGTH (um) |
23 30 4 50 . 60 70 80 90 10 11 12 13141516
- 1?0 - h N S — T . | l [:.— LT |
90 l | ' |
_ -aio '
‘ 5 ‘ 70 1 R
7 '-
S| 60
a7 ] .
" 4!0 l
]"z"l | .
Iﬁ“ ‘30 . |
u| 20 -
- 'F’
T . l
- 4000 3200 - 2400 1900 1700 1S00 1300 1100 700 600

900



_ (, W) HIBWNNIAYM
oomooh oom -_oo__ .oom_. oo@ _oo.: oom_ oowm

3,969,239

| ™
(S ———
— = '
| ]
[ ™
i

Sheet 1 of 2

\O
7.
9 — — -# .
o | |
e e j
e -
> L I
=4 .
_ I BR— | . | 1 ] I ]
L1 ] N . | | I

91 sh vl el 2 i 0ol 06 08 0. 09 | 0S Ot
_ (wr) HLON3TI3AYM _

U.S. Patent




3,969,239

July 13, 1976 Sheet 2 of 2

U.S. Patent

_ _ _ (j-W2) HIGNNNIAYM -
009 004 006 00! OO¢! 00S! 00.! 006 | ootz oozt 000t
: i { | — " - . h

m

NOISSIWSNVH1L 1N3043d

I 0 1 | .u | 1 . . 1
_ | | I D D _
oIl 1 € 2 11 Ol 06 08 0L - 09 Om - Qv O¢ G2

(wrr) HLONIT3AVM o __
c 9Ol




- 3,969,239

1 .

- METHOD FOR USING MACROAMINE POLYMERS -

AS FLOCCULATING AGENTS

CROSS REFERENCES TO RELATED
~ APPLICATIONS -

This application is a division of application Ser. No.

479,631, filed June 17, 1974, now U.S. Pat. No.
13,933, 717 which is a continuation-in-part of two U.S.
appllcattons filed by the same inventors, Isao Shinohara
-and Juro Aoyagi, in Group Art Un. 140. Those applica-

tions, are U.S. patent application Ser. No. 323,731 filed
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sludges and cakes formed, to théreby contribute to the

- rationalization of waste water disposing procedures.

 In spite of such advantageous features which might

be expected to be helpful for the rationalization of
disposing procedures, conventional high molecular
flocculating agents are not yet satisfactory for use in
‘waste water disposal. In case of disposing waste water

| 'contammg suspended colloidal organic ‘solids, for in-

10

Jan. 18, 1973 for Macroamine Polymers and Method of

Producing Them now abandoned, and U.S. patent ap-

plication Ser. No. 345,122 filed Mar. 26, 1973 for ngh

JMolecular Flocculating Agent now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to a method for using a

~ water-soluble linear macroamine polymer as a floccu-

15

stance, it is generally noticed that a cationic polymer
‘has remarkably excellent ability in clarifying activity, -
whereas ‘satisfactory result has not always been ob-

tained especially with respect to the ability of forming

coarse or large-sized floc which is expected as one of

inherent advantages accompanied by the use of a hlgh. S

molecular-—type flocculating agent. | .
‘This 1s not essentially attributable to the nature of a
cationic polymer, but to the great _dlfﬁoulty in the pro-

~duction of such a cationic polymer having a polymeri-

20

lating or coagulating agent in clarifying, precipitating
and decoloring water. More particularly, this polymer .

IS one having at least about 65 mol percent amine con-
tent and not greater than about 23 mol percent polyene

- content, and a method of preparing the same. Further,
it relates to a macroamine polymer in which amino -

- groups are. introduced to the polymer matrix by the

reaction of one or more of certain N-monoalkylanllmes

with polyvinyl bromide.

A number of detailed researches have been made up
to now with respect to reaction of polyvinyl chloride
with a variety of compounds. However, the reactivity in

25

zation degree suffimently hlgh to form coarse floc.

Certain anionic and nonionic type high molecular

"flocculatmg agents with high degree of polymerization
‘are available in the art, but they do not exhibit satisfac-

tory effect unless they are used in combination with an
morgamo-type floccuating agent. |
The reason is due to the fact that anionic or nonionic

_'type high molecular flocculating agents behave as a

30

these reactions is so small that it has been difficult to

| mtroduce amino. groups to a satlsfactory extent. For

instance, when polyvinyl chloride is reacted with an

amine, the degree of the introduction of the amine to

35

- the polymer matrix under ordinary reaction conditions

reaches the level of only about 2.6 to 10%. See, for
example, D. Hummel; “Plaste Und Kautschuk”, Vol-
ume 9, No. 11, pages 532-5 (1962), East Germany.
Further increase in the degree of introduction does not

- occur even by carrying out the reaction over longer

periods of time and because the result is the promotion

of the formation of polyenes by dehydrohalogenatlon -
- 45
vide a method for using a macroamine polymer which

rather than the introduction of the amine.

It has been known in the art that some inorganic-type
 and hlgh molecular-type ﬂocculatmg or coagulating
agents are effective for use in waste water disposal.
~ The inorganic-type flocculating agent exhibits its
activity mainly by lowering the electric charge of the
surface of substance suspended in water to be disposed.

floc-growing agent rather than exerting the function of

flocculation by the neutralization of the electric charge -
of su3pended colloidal substance. - .
~ Other than the polymer of the present invention, we

~ know of no high molecular flocculating agent available

in the art which provides clarifying, prempltatmg and

decoloring functions at the same time, and is capable of '

exhibiting remarkably excellent effect as a single agent.
The clarifying and decoloring properties of conven-
tional high molecular flocculating agents were only |

‘derived subsidiarily by the result of the agglomeratlon :

- and precipitation.

40 .
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‘On the other hand, the high molecular-type flocculat-

ing agent exerts such functions, besides the above-men-

tioned function, as adsorption of suspended substance -

at the active site on the polymer, or by agglomeration
due to cross-linking reaction, none of which can be

attained upon the use of the lnorgamc ﬂoccu]atmg

~agent alone.
Therefore, it is clear that the high molecular floccu-
lating agent has much more advantageous features than
inorganic-type one, in (a) its strong flocculating ability
even when the use of less quantlty and (b) 1ts capablllty
of forming large-sized floc. |

As a result, the high molecular ﬂocculatmg agent can

quicken the precipitating or floating speed as well as

filter-ring or drying speed, etc., and serves for shorten-

35

Accordingly, such a conventional-type high molecu-
lar flocculating agent has a drawback such that it is
almost ineffective for the decoloration of a colored
system occurring due to completely dissolved sub-
stance therein. | -

It is a general object of the present invention to pro-

is water-soluble, and has a high amine content as a

flocculating or coagulating agent to remove certain
Aimpurities from water. Further objects of the present

invention are to provide a method of using a macro-
mine polymer i clarifying, precipitating and decolor—
ing activities with respect to water.

Other and turther objects, features and advantages

_,.w1ll be apparent from the following description of the
invention given for the purpose of disclosure.

The present invention is based upon the creation of a

certain linear macroamine polymer, the development

60

of a method for producing the polymer and the discov-

ery that the polymer is particularly useful as a flocculat-

Ing agent to assist in the removal of .certain material

~ from water. The polymer has a structural unit showing

05

ing the requisite time of dlsposal and for increasing the

capacxty of dlsposal while reducing the amounts of

by the following formula:

—¢ CHy—CH Y=g CHy—CH 95 CH=CH 3,—

. Br Br-HN*—R

5
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wherein R representb an alkyl group containing 1 to 4

carbon atoms, x is a mol decimal fraction between

about 0.65 and 0.95, and y is a mol decimal fraction
between about 0.23 and 0.04. Preferably x is between

about 0.80 and 0.95 and y is between 0.23 and 0.04.

- This linear macroamine polymer can be prepared by
reacting polyvinyl bromide with an N-monoalkylaniline
having | to 4 carbon dtOIIlS in the alkyl group.

The polyvinyl bromide to be used is not limited to
any specific type and may be conveniently produced in
accordance with conventional processes such as mass
polymerization, emulsion polymerization, solution pol-
- ymerization and photo polymerization. The polyvinyl

- bromide usually will have a molecular weight ranging
from about 1,000 to 300,000, and preferdbly between
about 10,000 and 150,000.

The preferred N-monoalkylaniline is - N-methylani-

line.

The macroamine polymer of the present invention

may be prepared by mixing the polyvinyl bromide and
the N-monoalkylaniline and stirring the reactants while

‘heating under an atmosphere of an inert gas such as
- nitrogen or argon. The reaction of the polyvinyl bro-
mide with the N—monoalkylaniline 1s usually carried out
at temperatures ranging from 80°to 250° C., preferably
between about 120° and 180° C., for a permd of a few
“minutes up to 24 hours, preferably from 5 to 15 hours.
The reaction proceeds well at atmospheric pressure
although superatmosphene conditions may be used if
desired.

The N-monoalkylanllme not only partlclpates in the

reaction as an aminating agent, but also serves as an
excellent solvent for the polyvinyl bromide. The polyvi-
nyl bromide dissolves in the N-monoalkylaniline
promptly after it has been added, and the reaction

~ takes place readily when the resultmg mixture iIs

heated.
If desired, the reaction can be carried out in the

presence of polar solvents such as tetrahydrofuran,
dioxane, dimethylformamide, diethylforamide and di-
methy! sulfoxide. ~

The quantity of N-monoalkylamlme which should be
used is more than the chemical equivalent to the poly-
vinyl bromide and preferably about 3 to 20 times
greater than that equivalent. The use of greater
amounts of alkylaniline does not cause deterioration of
‘the reaction, but is wasteful. On the other hand, the use
of an alkylaniline below the chemical equivalent of the
polyvinyl bromide 1s not desirable since it does not
create sufficient amination of the polyvinyl bromide
and requires a greater amount of solvent.

Atter the reaction of the polyvinyl bromide with the
N-monoalkylaniline has been carried out to the desired
extent, the resulting macroamine polymer can be sepa-
rated from the unreacted alkylaniline in an appropriate
manner. For instance, the polymer is separated from
the remaining constituents by adding to the reaction
products an inert material in which the polymer is in-
soluble, but m which the other materials are soluble.
‘Examples of this material are ethyl acetate, isopropyl
acetate, ethyl ether, petroleum ether, isopropanol, n-
butanol, acetone, diethyl ketone and methyl ethyl ke-
tone. This will result in a precipitation of the polymer
which may be subsequently recovered by filtration. The

precipitated polymer may be purified, if desired, by

washing with alkali and thereafter rinsing with water
and drying.

10
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The macroamine polymer thus produced contains a

large proportion of the alkylaniline. It has been found

when the mol percent of the alkylaniline in the polymer
reaches at least about 65%, that the macroamine poly-

mer becomes water soluble. The macroamine polymer,
when 1t 1s used as a flocculating agent, needs to be
soluble 1n water so that it will easily dissolve in indus-
trial waste water and other aqueous bodies upon its
addition thereto and be able to combine with dissolved
or suspended substances in the waste water to effect
clarification, precipitation and decolorization, and fi-
nally settle them from the water.

If the macroamine polymer has less than about 65
mol percent alkylaniline, the polymer is insoluble in
water and does not function satisfactorily as a floccu-
lating agent. When the amount of alkylaniline is be-
tween about 80 and 95 mol percent, the polymer exhib-
its excellent results in the clarifying, precipitating or
decoloring activity. 3

The water-soluble macroamine polymer of the pre-
sent invention reacts readily with metallic ions such as
sodium, potassium, magnesium, calcium, aluminum,
copper, silver, gold, zinc, cadmium, mercury, titanium,
tin, lead, chromium, molybdenum, manganese, iron,
cobalt, nickel, platinum, etc. and promptly forms' a
precipitate with them. Although we do not completely
understand the mechanism of the reactions of this mac-
roamine po]ymer with metallic ions, we believe that
what occurs is that these cationic substances form che-
lates with the macroamine polymer.

Also, 1n an acidic solution, this macroamine polymer

will react with some anionic substances and form pre-

~cipitates. Here again, the exact nature of the precipi-

35
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tate or the reactions that occur is not known, but it is
thought that the precipitates are salts, complexes or
cross-linked products. |

Since these salts, complexes, cross-linked products
and chelates are insoluble in water, they precipitate as
they form, and thereby remove suspended or dissolved
substances from the water. |

If desired, the polymer can be regenerated from the
reaction product of the polymer with the cations by
dissolving the reaction product in an acidic aqueous
solution (pH between about 1 and 5), preferably hav-
ing a pH between about 1 and 3.

The macroamine polymer of this invention has both a
high molecular weight and a high content of the amino
group, and as a result the polymer serves as a flocculat-
Ing agent with even minor concentrations of cations. It,
therefore, is particularly useful for the treatment of
various types of waste water, drainage or other aqueous
solutions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a chart of infrared absorption spec-
trum of the macroamine polymer according to the
present invention, wherein R is methyl group, and

FIG. 2 illustrates a chart of infrared absorption spec-
trum of the above-described polymer treated with al-
kalt.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The macroamine polymer according to the present
iInvention has the structural unit shown above. This is
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confirmed by the chart of infrared abserptlon spectrum -

and by elementary analysis. FIG. 1 illustrates a chart of

“infrared absorption spectrum of the macroamine poly- |
mer obtained by reacting polyvinyl bromide with N-

methyldnllme at a temperature of 150° C. for 8§ hours.

According to the spectrum, characteristic absorption
~ based on vyy" of tertiary amine is recugmzed at 2,700
to 2,250 cm™!, while the characteristic absorptron is

not recogm?ed at the above-described wave range ac-
cording to FIG. 2 which is an infrared absorption spec-
trum of the polymer treated with ammonia. Two char-
aeterlstrc absorptions based on vy.cy, at 2, 810 to 2,805
cm~! and v,y of tertiary amine at 1 2]0 to 1,070 em"“
-are recogmzed respectively without regard to alkali

~ treatment. And characteristic absorptions of polyene

are also recognized at 1,600 cm™".
From a result of the infrared absorption Spectrum it

is presumed that a reaction of polyvinyl bromide with
: N—menoalkylamlme pmceeds as the following equa—
tion: |

-—{—CHE-—CH —}-—+ m NH

Br

alkali.
treatment

**(-CHE——CHQWT(-C HZ—CH')—(-(.,H-—LH -)-5— —necm————

g

Br : Br""_.‘HN*.-.—--R

5

( CHE“"CH_) <tr (‘CHE_‘CH ")E‘{'Cl'l::CH ¥z

Br N-—R
wherein R . represents alkyl gmup contammg 1 to 4

carbon atoms, n represents polymerization degree m
represents moles of N-monoalkylamlme x 1s between

6 |

rectly, and the results thus obtumed were eompdred

with the results calculated by the elementary analysis

value. Both results corresponded. Hence, the degree of

‘double bond formation obtained by ealculatmg the o

e]ementary analysis value i is thought to be proper.
The polymer of the preseut invention is especially

~ useful for the disposal of various types of waste water

10

or drainage, such as those drained from iron works,

 aluminum processing works, dyeing works, pulp and -
paper-making works, salt eleetrolyzmg works and the
like other industrial waste water; for the. purification of

city water, sewage, etc., and for the recovery of metals

- from eatalysts electrulytes etc.

15
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Followmg are several speelfic examplesof the pre-

sent lnventlon

EXAMPLE 1

A four necked flask havmg a capaelty of one liter

fitted with a stirrer, thermometer, reflux condenser and
‘nitrogen. feed pipe was charged with 200.0 grams N-
25 methylaniline, and heated under an atmosphere of

nitrogen. When the liquid temperature reached 150°
C., there was introduced 10 grams of polyvinyl bromide

(produced by emulsion polymerization process, having o

numerical average molecular weight, measured by vis-

* cosity method, of 134,000) to the flask, and the reac-

“tion was conducted under stirring at that temperature

35

for 8 hours. After the completion of the reaction, an

excess of ethyl acetate was added to thereby precipitate =~

the polymer which was then separated by filtration. - '
The polymer so obtained was washed with water and
dried in vacuum at room temperature until the welght o

| became constant.

40

The aminated polymer obtained in this way was ana-

lyzed by means of elementary analysis, halogen analysis
and infrared absorption spectrum methods. The pro-

portion of N-methylaniline introduced was 82,00% and

) the degree of double bond formation was 8.12%. The '

polymer so formed was found to be completely soluble

~ in water. The chart of the infrared absorptlon spectrum

~ about 0.65 and 0.95, and y is between .about 0.23 and 4>

- 0.04. Thus, between the elemental composition of the |

macroamine polymer shown by the above formula and
x and y, there exists the following set of equations:

N(weight®t)= . . x[N] . X 100
I[C2H33f1+x[RN- O I=(x+y) [HBr] -
T 2+(6+the number of carbon } |
C(weight%)= — {atoms in the alkyl group Rox A€l % 100

50

55

. 60

wherein formulas In the braekets represent atomlc or
molecular weight. o

In the present invention, a proportlon of mtroduced
N-mondalkylamlme and a degree of double bond for-
mation were determined respectwely by the above
equations using the quantities of nitrogen and' carbon

‘determined by elementary analysis. Furthermore, the
degree of double bond formation was determined di- -

65

is as FIG. 1.

EXAMPLE 2

The proeedure of Example ] was repeated except |
that the reaction was carried out for a period of §
hours. The proportion of the introduction of N-
methylaniline in the water-soluble polymer so obtained
was 70.12% and the degree of the fermatlon of double
bond was 22.21%. |

EXAMPLE 3.

The procedure of Example 1 was repeated exeept'- :

‘that the reaction was carried out for a period of 12 o

hours. The introduction of N-—methylamhne in the re-
sulting water-soluble polymer. was 91.00% and the de-

gree of double bond formation was 5.12%.
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EXAMPLE 4

The procedure of Example 1 was repeated except
that 100.0 grams of N-methylaniline was used instead

3,969,239

of 200.0 grams of N-methylaniline. The introduction of >

N-methylaniline in the resulting water-soluble polymer
was 81.0% and the degree of double bond formation
after the reaction was 9.02%.

EXAMPLE 5

A four-necked flask same as that used in Example 1
was charged with 170.0 grams of N-ethylaniline and
heated under an atmosphere of nitrogen gas. When the
- temperature of the reaction liquid reached 150° C.,
10.0 grams of polyvinyl bromide (having an average
molecular weight of 134,000) was continuously added
and the reaction carried out at that temperature for 10

hours. -
After completion of the reaction, the reaction mix-

ture was treated in a manner similar to that employed

in Example 1. Analysis of the resulting water-soluble

polymer showed an N-ethylaniline introduction of

75.00% and the degree of double bond formation to be
10.12%. o

EXAMPLE 6

The procedure of Example 5 waS repeated except

252.66 grams of N-isopropylaniline was used instead of

N-ethylaniline. The introduction of N-isopropylaniline
in the resulting water-soluble polymer was 73.15% and
the degree of double bond formation was 15.03%.

EXAMPLE 7

The procedure of Example 5 was repeated except
that 278.83 grams of N-n-butylaniline was used instead
of N-ethylaniline. The introduction of N-n-butylaniline
was 79.2% and the degree of double bond formation

was 21.8%.
EXAMPLE 8

To 300 ml. of aqueous bentonite suspension at the
concentration of 100 ppm., each high macroamine
polymer obtained in Examples 1 to 3 and 5 was added
in a given proportion. Each suspension was subjected
to stirring at a rotation speed of 130 r.p.m. for the first
5 minutes, then at a rotation speed of 30 r.p.m. for a
further 5 minutes. After the completion of stirring,
each solution was allowed to stand still for 5 minutes
and the supernatent liquid was carefully collected. The
turbidity of the supernatent was determined with the
use of a turbidmeter (or nephelometer) to measure
remaining turbidity. | |

The results obtained are shown in Table 1.

Table 1.
Amount of Macroamine Polymer Added
_ _(ppm) .

0.5 1.0 20 4.0 8.0
Polymer of - Remaining Turbidity in Degrees
Example 1 0.6 0.3 0.2 0.2 0.2
Example 2 22.8 18.4 15.1 8.4 5.3
Example 3 0.3 0.2 0.1 0.1 0.1
Example 5 2.5 1.6 0.9 0.7 0.6

EXAMPLE 9

To 100 ml. of an aqueous solution containing 100
ppm. of a dyestuff (Amaranth), there was added 1%
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E5

20

25

30

35

40

45

50

35

60

65

8

solutions of each of the macroamine polymer obtained

in Examples I, 2 and 3 with thorough stirring. ‘The
mixture was then stirred mildly so as to effect the

growth of floc formed. The solution was filtered with
the use of a No. 1 filter paper and the concentration of

remaining dyestuff in the solution was measured by the
use of a photoelectric colorimeter. The results obtained
are given in Tables 2 and 3.

Table 2.
Amount of Macroamine Polymer Added
. . {ppm) _
300 350 400 500
‘Remaining Dye Concentration in ppm.
Polymer of |
Example 2 13.0 2.5 1.3 0.8
Table 3.
Amount of Macroamine Polymer Added
(ppm) —
100 _ 120 150 _180
Remaining Dye Cocentration in ppm
Polymer of
Example | 1.3 0.9 0.8 0.5
Polymer of
Example 3 0.8 0.5 0.3 (.2
EXAMPLE 10

It is similar to Example 9, but the dyestuff was Yellow
No. 1 (Tartrazine) and the only polymer used was the

polymer of Example 1. The results are given 1n Table 4.

Table 4.
Amount of
High Molecular 100 120 150 180
Flocculating Agent
Added (ppm)
Concentration of
Remaining Dyestuff
(ppm) 1.3 0.8 0.5 0.3
EXAMPLE 11

In the same manner as Example 9 except using an
aqueous solution of dyestuff Blue No. 1 (Brillhant Blue)
at the concentration of 100 ppm.. and only the polymer
produced in Example 1, the remaining dye concentra-
tion was measured. The results obtained are given in

Table 3.
Table 5.
High Molecular -
Flocculating Agent 100 120 150 180
Added (ppm)
Concentration
Pigment {(ppm) 2.1 1.3 1.0 0.8
- EXAMPLE 12

300 ml. of aqueous bentonite suspension with a con-
centration of 100 ppm. was placed in a settling tube, to
which the polymers obtained in Examples 1 to 3 and 5
were added respectively at predetermined proportions.
The settling tube was turned upside down quickly twice

~and slowly eight times. The settling tube was then stood

still and the speed of falling boundary layer (interfacial
layer) between floc layer and aqueous layer was mea-



. High Molecular

- ~ Agent Used

3 969 239

| Sure‘d. Results obtained by measuring the settling speed .

~of boundary surface of the region between 2 cm down
the water level and 10 cm up the bettom are glven in

- Table 6

-Table '6. -
S | (aettling_apeed: t:m}min.)' ..
Type of . Amount of High Molecular Floccuating

Agent Added (ppm)
Flocculating

0.25 05

0.35 125 25 50

Example | 1.00 1.01 121 141 161 181
Example 2 025 — - — 025 026 0.26
Example 3 1.54 1.89 245 298 327 . 3.53
.88 — 122 143  1.56 1.62

~ Example 5

"
10

15

| '_I.It ,will'be apparent from .the- above results that the
polymer of the present invention exhibits excellent

flocculating or coagulating properties.

From the foregoing discussions, examples and cle-
scription of the invention, it is apparent that the objects
set forth herein as well as others have been achieved.

. ~ Those skilled in the art will recognize that the princi-
ples of this invention may be applied in several ways,

" only a few of which have been exemphfied herein spe-
“cifically. Accordmgly, the invention is to be limited

20

10

1 In a process for treating wafer to remove dlssolved .
~and suspended impurities including metallic ions, ben-

tonite or dyestuffs by ﬂnculatlon the 1mpr0vement

comprising ..
~ a. dissolving in said water an effective amount ef a .

~water soluble linear macroamine polymer consist-

Ing: essentlally of a structural umt shown by the -
fellewmg fermula | o

“"""'"f"CH “—CH '} I‘—Ll'+.l.r,+ CHg“‘“‘CH",—"('CH_CH‘}“—

Br- HN"’-—-—--R

wherem R represents alkyl group containing 1 to 4
_carbon atoms, x is a mol decimal fraction between |

"Br

abeut 0.65 and 0.95, and yis a me]__deetmal fractlen -- “

between about 0.23 and 0.04, and

~ b. separating floc formed in step (a) from s sald water -

25

only by the spmt thereof and the scepe ef the appended

claims.
What 1S clalmed 1S:

- 2. The process of claim 1 wherein x in the maeroaf _ R

~mine polymer is between 0.80 and 0.95. R
3. The process of claim 1 in which R in the macrea—_

mme polymer is the methyl group. | o
4. The process of claim 1 in which R in the macrea-

‘mine polymer IS the 1sepr0pyl greup | |

' *'
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